Gold nanoparticle-based electrochemical detection of protein phosphorylation.
In this report, we demonstrate the application of Au nanoparticles in the electrochemical detection of protein phosphorylation. The method is based on the labeling of a specific phosphorylation event with Au nanoparticles, followed by electrochemical detection. The phosphorylation reaction is coupled with the biotinylation of the kinase substrate using a biotin-modified adenosine 5'-triphosphate [gamma]-biotinyl-3,6,9-trioxaundecanediamine (ATP) as the co-substrate. When the phosphorylated and biotinylated kinase substrate is exposed to streptavidin-coated Au nanoparticles, the high affinity between the streptavidin and biotin resulted in the attachment of Au nanoparticles on the kinase substrate. The electrochemical response obtained from Au nanoparticles enables monitoring the activity of the kinase and its substrate, as well as the inhibition of small molecule inhibitors on protein phosphorylation. We determined the activity of Src non-receptor protein tyrosine kinase, p60(c-Src) and protein kinase A in combination with their highly specific substrate peptides Raytide EL and Kemptide, respectively. The detection limits for Raytide EL and Kemptide were determined as 5 and 10 microM, (S/N=3), and the detection limits for the kinase activity of p60(c-Src) and protein kinase A (PKA) were determined as 5 and 10 U mL(-1), (S/N=3), respectively. Tyrosine kinase reactions were also performed in the presence of a well-defined inhibitor, 4-amino-5-(4-chlorophenyl)-7-(t-butyl) pyrazolo[3,4-d]pyrimidine (PP2), and its negative control molecule, 4-amino-7-phenylpyrazol[3,4-d] pyrimidine (PP3), which had no inhibition effect. Based on the dependency of Au nanoparticle signal on inhibitor concentration, IC(50) value, half-maximal inhibition of the inhibitors was estimated. IC(50) values of PP2, genistein and herbimycin A to p60(c-Src) were detected as 5 nM, 25 microM and 900 nM, respectively. The inhibition of PKA activity on Kemptide using ellagic acid was monitored with an IC(50) of 3.5 microM. The performance of the biosensor was optimized including the kinase reaction, incubation with streptavidin-coated Au nanoparticles, and the small molecule inhibitors. Kinase peptide-modified electrochemical biosensors are promising candidates for cost-effective kinase activity and inhibitor screening assays.